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(54) LASER BANDWIDTH CONTROLLING TECHNOLOGY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technology for controlling the 
bandwidth of output beam, related to laser. 

SOLUTION: A technology for controlling bandwidth of electric discharge 
laser is provided. A line narrowing device comprises at least one 
piezoelectric drive device and fast bandwidth detecting means as well as 
bandwidth control for response time less than 1 .0 millisecond. In a preferred 
application, a wavelength synchronization mirror is dithered at a ph/ot angle 
within a very narrow range at a dither speed exceeding 500 dither/second, 
allowing the dither of nominal wavelength to generate an effective 
bandwidth targeted by a series of laser pulses. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l ™s docunient has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It is the approach of bringing about the effective bandwidth of the pulse laser beam of narrow-band electric discharge 
laser with a Rhine narrow INGU unit including a diffraction grating and high-speed interiock mechanism. A) The phase which 
supervises said laser beam in order to measure the bandwidth of the pulsed laser pulse according to individual. B) In order to 
make the average spectrum which has the average spectrum deflection from target wavelength almost equal to target deflection 
to a series of pulses and which was mostJy concentrated on said target wavelength So that the wavelength of some pulses of 
said a series of pulses may be more slightly [ than said target wavelength ] long and said wavelength of some pulses of said a 
series of pulses may become short slightly rather than said target wavelength The approach characterized by including the phase 
of adjusting said interiock mechanism periodically between said a series of pulses. 

[Claim 2] Said Rhine narrow INGU unit is an approach according to claim 1 characterized by including a piezo-etectric driving 



[Claim 3] Said Rhine narrow INGU unit is an approach according to claim 2 characterized by including the alignment mirror driven 
by said piezo-electric driving gear unit. 

[Claim 4] The bandwidth of said individual pulse is [ the phase which measures the slit function of a spectrometer, the phase 
which measures a raw data spectrum, the phase of collapsing said slit function in said raw data spectrum in order to make the 
front convolution spectrum which determines the width of face WFC of a front convolution spectrum, and the width efface WR 
of said raw data spectrum to said laser, and ] presumption of the width of face WT of a true spectrum to said laser WT=WR - 
(WFC-WR) 

The phase calculated by the equivalent formula and the approach according to claim 1 characterized by what It is alike and opts 
for more. 



[Translation done.] 



CLAIMS 



gear unit. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the serial number 09th of the June 19, 2000 presentation which was continuation application the part with 
the serial number 08th current [ of July 22. 1997 presentation / whose ] is United States patent No. 6.078,599 as for this 
invention / No. 898 or 630 and the serial number 09th of February 9, 2000 presentation / No. 501 or 160 / No. 597 or 812 — it is 
continuation application a part. This invention relates to the technique which controls the bandwidth of an output beam in a detail 
about laser. 
[0002] 

[Description of the Prior Art] (Wavelength control) Laser is used in many applicable fields. For example, laser like KrF and an ArF 
excimer laser is used in a stepper and scanner equipment, and exposes a photoresist alternatively in a semiconductor wafer 
production process. In such a production process, the optical equipment in a stepper and a scanner is designed for the specific 
wavelength of laser. Since the wavelength of this laser may be [ / time amount ] unsteady, generally a feedback circuit network 
is adopted, and it detects the wavelength of laser, and amends wavelength if needed. 

[0003] In one type of the feedback circuit network used in order to detect and acUust the wavelength of laser, an etalon receives 
a part of light emitted from laser. This etalon makes the Interference fringe by the laser beam which has this cardiac band of dari^ 
and ^ level for destructive and constructive interference. This cardiac band of this encloses the central bright part. The location 
of the bright central part of this interference fringe is used in order to measure wavelength comparatively coarsely like within the 
limits of five picometer (pm). The diameter of the band of light is used in order to measure the wavelength of laser from 0.01 to a 
precision like within the limits of 0.03pm(s). The width efface of a light pattern region is used in order to measure the spectral 
band width of a laser output. This interference fiinge is usually called a fringe pattern. This fiinge pattern is optically detectable 
with a highly sensitive photodetector array. 

[0004] In alignment of laser wavelength, various approaches are learned well. Generally, this alignment is performed in a Rhine 
narrow INGU package or the equipment called a Rhine narrow INGU module. The general technique which narrows the line of an 
excimer laser, and is used in order to align is preparing an aperture behind a discharge cavity, and a part of laser beam passes 
through that In a Rhine narrow INGU package. Then, a part of the beam can be extended in a beam expander, it is sent to a 
diffraction grating, originally [ of laser ] a diffraction grating reflects and returns the narrow selected part of a large spectrum in a 
discharge chamber, and the part chosen there Is amplified. Laser is aligned by generally changing the include angle at which a 
beam illuminates a diffraction grating. This can be performed by whether the location of a diffraction grating is adjusted, or a 
mirror adjustment is formed in a beam path. The device called a laser wavelength regulatory mechanism can perform 
accommodation of the location of this diffraction grating, or the location of a mirror to below. 

[0005] In the conventional technique, a common feedback circuit network is constituted so that it may maintain to aiming at 
nominal wavelength wavelength within the limits. The usual specification can be established to values of the wavelength which 
sets this range as 248 and a target like 327.1pm so that It may be applied to the average wavelength of a series of pulses called 
a "pulse window", such as «*0.05pm. The usual pulse windows are 30 pulses. Another general specification is the standard 
deviation of the wavelength measured to a series of (it is (like 30 pulses)) pulses. This value is called a sigma (sigma) and 
calculated using the standard formula for standard deviation. Moreover, a specification is described by 3sigma of the sometimes 
measured standard deviation which is only 3 times. General 3sigma specification may be 0.15pm. 

[0006] The limit of the optical lens ingredient received in use of the deep ultraviolet radiation line whose wavelength is 248 
nanometers (nm) and 193nm has meant that the projection lens for KrF and ArF lithography has been manufactured mainly with 
the fused quartz. Although a fused quartz is a very good lens ingredient (high transparency, low-fever expansion, comparatively 
polishing and a cone), it brings chromatic aberration as the result that the 2nd ingredient class with a different refi^active index in 
a projection lens cannot be used. Since the refractive index of any optical materials changes with wavelength, chromatic 
aberration appears, therefore the imaging property of a lens also changes In connection with wavelength. 

[0007] The harmful effect of chromatic aberration to a non-amended lens can be eased only by using the light source using the 
very narrow wavelength range. The excimer laser by which Rhine narrow INGU was carried out in spectrum was useful to the 
purpose to deep ultraviolet-rays lithography. Today's laser has the bandwidth of the range below the picometer. and brings about 
the lighting of a single color mostiy to a refraction projection lens. Although the bandwidth of an excimer laser is small, it still 
means too that bandwidth cannot disregard that there is no color correction of a lens. 

[0008] Bandwidth of a laser beam is usually made small by using the Rhine narrow INGU package referred to above. In the past, 
the laser specification required that bandwidth should be smaller than a specific value like 0.5pm(s). This specification is directing 
95% of total bandwidth again. Probably, the usual 95% all bandwidth specification will be smaller than a 1 .2 Py Py em (ppm). 
However, the integrated-clrcuit manufacturer has recentiy noticed that an integrated circuit can receive a bad influence from the 
bandwidth with which the optical system was designed for [ the ] bandwidth with narrow band width of face considerably 
[0009] 

[Problem(s) to be Solved by the Invention] Therefore, not saying [ being only smaller than specific width efface ] the bandwidth 

of laser but the technique rather controlled to specific within the limits Is required. 

[0010] 

[Means for Solving the Problem] This invention offers the bandwidth control technique of electric discharge laser. Rhine narrow 
INGU equipment is prepared so that it may have at least one piezo-electric driving gear, high-speed bandwidth detection means. 
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and bandwidth. control with the time response of less than about 2,0 mses. A wavelength alignment mirror makes the effective 
bandwidth which a dither is carried out at the dither rate which exceeds per second 500 dither with the **** include angle of 
very narrow within the limits, and is made into the target of a series of laser pulses at the dither of the nominal wavelength 
generate in a desirable operation gestalt. 
[0011] 

[Embodiment of the Invention] (Simulation) Simulation of the effect of wavelength and bandwidth change was carried out by this 
person. The main effects of exposure wavelength change to a color-correctlon-less lens are change of the location of a focal flat 
surface. Covering the wavelength of the quite large range, change of this focus is a line type at the change in the nominal 
wavelength (namely, main wavelength of a lighting spectrum), and an essential target. The wavelength response of a lens can be 
experimentally measured by changing the main wavelength of laser manually, and using the image sensor of a stepper, and 
supervising migration of the focus which It brings about. Drawing 1 shows the example of such measurement. 
[0012] When change of the focus accompanying wavelength change is given, using a broadband lighting spectrum means that 
each wavelength in the spectrum makes an air image with the various best foci. A synthetic air image serves as the sum total of 
the air image in each focal location, and weighting is carried out by the relative reinforcement of each wavelength in this lighting 
spectrum. This technique is based on superimposed focal spot flat-surface exposure. The latest edition of PROLITH/2 (available 
from Finley (RNLE) Technologies. Incorporated of the Texas Austin whereabouts) of a computer program has incorporated this 
kind of effectiveness. 

[0013] The actual laser spectrum measured to various commercial laser was used in this activity, and the property of a laser 
spectrum was searched for. Drawing 2 shows the example of a different KrF laser spectrum. In order to understand the effect of 
the laser bandwidth about RISOGURAFU processing in case chromatic aberration exists, we were started from air image 
investigation of a 180nm independent line. Drawing 3 shows how the changing bandwidth affects an air image (it is usually 
assumed that this image dimension corresponds to a 0.3 image value on the strength). The following input parameters were used 
to such simulation. That is. they are NA=0.6, sigma=0.75. and Iambda0=248.3271nm. A laser spectrum and the source of the 
homogeneous light with bandwidth 0.5pm, 1.2pm, and 2.1pm were used in this simulation investigation by FWHM. and 0.225 
microns (micrometer) of chromatic-aberration focal responses and pm were assumed. Change of bandwidth causes a remarkable 
change of image reinforcement so that it can see to drawing 3 , 

[0014] The effect of the laser bandwidth about critical size (CD) change of the independent line by various scales was evaluated 
using the air image threshold model. The following input-parameter setup was used in this investigation, namely, sigma=0.75 and 
lambda — 0- 248.327 Inm, the air Image threshold in 30%. NA=0.6. and 0. — it is 7 and 0.8. Simulation was carried out to the 
independent line of the range of 240 to 140nm. As for the chromatic-aberration response. 0,225 micrometer/pm was assumed. 
As shown in drawing 4 A. and 4B and 4C. change of bandwidth (either increase or reduction) can be especially resulted in a 
considerable change to the critical size of an integrated-circuit track in high numerical aperture. 

[0015] (Dependency of the bandwidth to F2 concentration) It is known that both the laser effectiveness of an excimer laser and 
bandwidth may change with fluorine concentration extremely. Since the general fluorine concentration of an excimer laser is 
exhausted only about 0.1 to 1% per hour when operating under the general activity ratio of a lithography system, this change is 
serious and is obtained. The general approach of laser control is the basis of the effect of about 2 to 4 hours until fluorine 
concentration decreases only about 10%. and pulse energy feedback system, and by raising discharge voltage gradually, while a 
fluorine is exhausted, it maintains a fixed pulse energy output- At this time, a fluorine is poured in and, as for a pulse energy 
feedback control system, discharge voltage is reduced immediately. The result of these operating instructions is a deflection with 
remarkable bandwidth, it influences bandwidth as mentioned above and an integrated-circuit pattern is influenced by the method 
of as a result showing change of bandwidth in drawing 1 . One of the techniques which minimum-ize time fluctuation of bandwidth 
is maintaining fluorine concentration almost uniformly. Since a fluorine is continuously poured in at a very low rate according to 
consumption or continuous impregnation approximation is carried out as a matter of fact, this can be performed by performing 
"microlnject" at very frequent spacing. 

[0016] (Wavelength amendment device) Drawing 5 shows the desirable operation gestalt of the wavelength shift amendment 
system 30 for laser system 32. Laser system 32 contains tunable laser 34. In one operation gestalt, laser 34 Is an ultraviotet-rays 
(UV) excimer laser, and emits the pulse of laser energy. Laser system 32 ac|justs the wavelength of laser 34 again including the 
laser wavelength regulatory mechanism 36. In one operation gestalt. although the laser wavelength regulatory mechanism 36 is 
limited, it can continue and align laser 34 with the comparatively big range between about 10 to 20 mses which can be aligned. 
Smaller accommodation can be perfonmed more at a high speed. The laser wavelength regulatory mechanism 36 may be what 
kind of known wavelength regulatory mechanism. In a desirable operation gestalt, the laser wavelength regulatory mechanism 36 
contains the stepper motor or piezoelectric transducer which controls the include angle at which the laser beam which is aligning 
illuminates the diffraction grating prepared in the Rhine narrow INGU module. This diffraction grating reflects narrow-band 
wavelength for a duplicate, and returns it in a laser excitation chamber. These wavelength regulatory mechanisms are well-known 
with the conventional technique. 

[0017] (Laser wavelength detection) When laser 34 is operated by a certain application as in the stepper for wafer manufacture, a 
part of the emitted laser beam 38 is turned to laser wavelength detection equipment 40. Former-equipment is sufficient as laser 
wavelength detection equipment 40, and it detects the wavelength of a laser beam 38. The further detail about the optical 
member which detects the wavelength of suitable laser and a laser beam, and aligns is transferred to this grantee, and can be 
found out in a patent of the^following by which the whole is referred to at this specification. Namely. United States patent No. 
5.025.445 of a name called "the system which adjusts light beam wavelength and approach'' which were given to Stewart 
Anderson and others. United States patent No. 5,420,877 of a name called "the temperature-compensation method for a 
wavemeter and the equipment, and the tunable laser controlled by that cause'' given to Richard sand SUTOROMU and others. 
United States patent No. 5.095.492 of the name the "spectrum narrow INGU technique" given to Richard sand SUTOROMU. And 
it is United States patent No. 5.450.207 of a name called "the approach of prooft-eading a laser wavelength controlling mechanism 
and equipment which were given to Igor HOMENKOFU. The exact technique used in order to bring about precision wavelength 
detection is not related to this invention. 

[0018] Laser wavelength detection equipment 40 is correctly changed into a digital signal, in order to use the property of a laser 
beam 38 of a certain kind in the processing circuit of an addition like the chirp acquisition system 42 explained in full detail below. 
A digital signal can be used for this additional processing circuit, it controls the wavelength of the laser 34 which can be aligned, 
and judges other various properties of a laser beam 38. laser 34 is mechanical and optical — or — being chemical (for example, 
thing for which mixing of the gas of laser 34 is controlled) — although it can align, the exact approach used in order to align laser 
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is not related to this invention. 
[0019] In one operation gestalt. laser 34 emits per second 1000 or more-pulse pulse. Ideally, laser wavelength detection 
equipment 40 detects each pulse wave length of the pulse burst from laser 34. Instead, laser wavelength detection equipment 40 
may detect the wavelength of the subset of the pulse extracted from the pulse burst from laser 34. Any techniques which are 
used in the Industry or are described in ail publications in order to measure the wavelength of the pulse of a laser beam 38 In the 
precision of 0.03pm(s) from 0.01 in one operation gestalt may be used. The example of various wavelength detection techniques 
and equipment is explained in the above-mentioned patent currently referred to at this specification. 

[0020] (High-speed wavelength amendment using a piezoelectric transducer) From drawing 6 , In order to make drawing 11. 
drawing 12 D from drawing 12 A. drawing 13 A. and drawing 13 B **** an alignment mirror, they explain the wavelength high- 
speed amendment technique of using the extremely quick response of a piezoelectric transducer 

[0021] (High-speed wavemeter) In order to bring about high-speed control of wavelength which is a time interval shorter than the 
time amount (they are 0.5 mses for 2000 HerU laser) of pulse separation, wavelength measurement more neariy high-speed than 
interpulse time needs to be possible. The common conventional technical lithography laser needs 2 mses for measuring 
wavelength generally. Explanation of the wavemeter and technique which measure wavelength is prepared in United States patent 
No. 5,991 .324. and the whole is referred to at this specification. It is explanation of a similar wavemeter. and in order that the 
wavemeter may record required data, modification is performed, and the following performs required count and determines 
wavelength at the rate for less than 420 microseconds. 

[0022] As shown in drawing 6 . the output beam from a laser chamber intersects the partial reflection mirror 170 which is made 
to pass about 95.5% of beam energy, and reflects about 4.5% in a wavemeter 120. About 4% of the reflected beam is reflected by 
energy detection equipment 172 by the mirror 171. As for energy detection equipment, a photocell can measure the energy of 
each pulse which the repetition rate has generated by per second 4.000 or more pulses Including the ultra high-speed photocell 
92. General pulse energy is an about 10mm joule. The output of detection equipment 69 A computer control system 102 
( drawing 12 ) is supplied. A computer control system In order to control a laser charge electrical potential difference using a 
special algorithm (explained to United States patent No. 6.005.879 currently referred to at this specification) and to restrict 
energy fluctuation of each pulse, and the whole pulse burst energy. Based on the saved pulse energy data, the pulse energy of a 
pulse will be controlled correctly in the future. Above all are explained below. 

[0023] It is reflected by the mirror 174 through a slit 177 by the mirror 173. and further, about 4% which passes a mirror 171 of a 
beam returns to a mirror 175. and it is reflected a mirror 174 and on the echelle diffraction grating 176. A beam is made parallel 
with the lens 178 with the focal distance (mm) of 458.4 millimeters, the light reflected from the diffraction grating 176 — a lens 
178 ~ passing — return — again — mirrors 174 and 175 — and it is again reflected by 174. and. subsequently is reflected by 
the mirror 179. and focusing is carried out on the left-hand side of the line type photodiode array 180. The current beam position 
on this photodiode array is the scale that the relative nominal wavelength of an output beam is rude. It is reflected from a mirror 
182 and about 90% which passes a mirror 173 of a beam goes in an etalon 184 through a lens 183. Focusing of the beam which 
comes out of an etalon 184 is carried out with 458.4mm focal length lens of an etalon. and as shown in drawing 6 . after being 
reflected from two mirrors, it makes an interference fringe on the center of a line type photodiode array, and right-hand side. 
[0024] (Line type photodiode array) The line type photodiode array 180 is an integrated circuit chip containing the indh/ldual 
photodiode integrated circuit of 1024. an attached extract, and a maintenance readout circuitry. This photodiode has the pitch of 
25 microns to the overall length of 26.6mm (about 1 inch). Each photodiode is 500-micron length. Such a photodiode array is 
available from some selling agencies. A desirable supplier company is HAMAMATSU. In one desirable operation gestalt model 
S3903-1024 are used and it can read a perfect 1024-pixel scan by 2.5x106 pixels/second in rate in the RFO base which can be 
read at the rate exceeding 2000 Hertz. A more neariy high-speed array is model RL2048PAQ. and is supplied by easy - of the 
California Sunnyvale whereabouts, and - G RECHIKON (EG&G Reticon). This PDA can be read by 2.048 pixels in the frame rate 
of 1 6.875kHz. 

[0025] (Count of rough wavelength) the rough wavelength optic of the wavemeter module 120 — about 0.25 — a mmx3mm 
rectangle image is made on the left-hand side of the photodiode array 180. Ten or eleven photodiodes which were illuminated 
make the signal proportional to the reinforcement of the lighting which received light generated, and the signal is read by the 
processor of the wavemeter control device 197. and is digitized. Using this information and a interpolation algorithm, a control 
unit 197 calculates the center position of an image. Two proofreading multipliers are used for this location (measured by the 
pixel), and it assumes line type relation between a location and wavelength, and is changed into a rough wave number. These 
proofreading multipliers are decided on the basis of the atom wave length reference source explained below. For example the 
relation between an image location and wavelength will become the following algorithms by making P into a coarse image center 
position. 

Iambda= (2.3 pm/pixel) P+248. 350pm[0026] (High-speed count of precision wavelength) A spectrometer must measure 
wavelength and bandwidth in the real time mostly. Although It is exact in order to attain the target engine performance using the 
economical and compact electronic Instrument for processing since the repetition rate of laser is 2kH2 or more, it is required to 
use the algonthm which is not a count concentration mold. This person uses an integral value to floating point calculation and as 
for all operations, what is been linearity (or a square root, a sine, a logarithm, etc. are used) is desirable 

[0027] The conw-ete detail of the desirable algorithm used in this desirable operation gestalt is explained below here. Drawing 6 8 
is a curve with five peaks so that it may be shown, and it expresses the general etalon Interference signal at the time of being 
measured by the line type photodiode array 180. As for a main peak, height is low drawn rather than others. If various wavelength 
of light goes into an etalon. a main peak will go up and descend and will become zero occasionally. This mode carries out un- 
suitable ^ of the main peak to wavelength measurement. Other peaks will separate from it toward a main peak according to 
change of wavelength, and will be moved, these peak location determines wavelength, and. on the other hand, those width efface 
becomes the die length of the bandwidth of laser. The field displayed as the "data window" is shown in drawing 6 B This data 
window IS prepared so that the fringe nearest to a main peak may be standardly used as an object for analysis However 
wavelength changes, when moving this fringe so that a main peak may be approached too much (it will cause distortion and will 
bring about an error as a result), the peak near the 2nd becomes inside a data window, and software will fly at that peak On the 
contrary, wavelength shifts, and when detaching and moving a current peak from a main peak out of a data window software will 
fly at the inside fringe in a data window. 
[0028] The related phase is as follows. 

1 . After a laser pulse, the output of a photodiode array Is read electronically and digitized, spacing a data point is physically 
decided to be with spacing of a photodiode array member, and this case — the pitch of 25 microns — it comes out and 
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dissociates. 

2. This digital data is investigated in order to find out the peak intensity value of a data window. The peak location before that is 
used as a start point. A small field is investigated by right and left of a start point. This investigation field is extended to right and 
left at small spacing until a peak is discovered. When a peak is outside a data window, investigation will be automatically 
continued until other peaks are discovered. 

3. Based on peak intensity, as shown in drawing 6 A, level is calculated 50%. 0%. level is periodically measured in pulse separation. 
It is investigated until the data point which each point is right and left of a peak, and defines the boundary of level 50% based on 
calculated 50% level is found out. In order to find out the mesial magnitude location displayed by A and B in drawing 6 A, linear 
interpolation is calculated between one pair of points of defining the boundary of level 50%. An integer-data format is used for 
these locations, and they are calculated to the fraction of a pixel like 1/16. 

4. Phases 2 and 3 are repeated to two data windows, and give four interpolated 50% locations in total. Two diameters are 
calculated as shown in drawing 6 B. D1 is an inside fringe diameter and. on the other hand, D2 is an outside fringe diameter. 

5. The approximate value over wavelength is determined by the rough wavelength circuit as explained by the foregoing paragraph 
"count of rough wavelength." 

[0029] (Count of precision wavelength) The Inside and the outside fringe diameters D1 and D2 (a unit is a pixel) are changed into 
wavelength by the following formulas, respectively. 

Iambda=lambda 0+Cd(D2-D02)+N-FSR — the free spectral range of an etalon and N of the proofreading constant corresponding 
to proofreading wavelength in the wavelength corresponding to a diameter D and lambda 0 to which the diameter corresponding 
to wavelength lambda 0 in DO and Cd depend for lambda on an optical design here, and FSR are an integer 0, **1 , **2, **3, and ... 

[0030] The value of lambdaO, K1, FSR, and DO is judged and saved at the time of proofreading. By making lambdaC into rough 
wavelength measured value, the value over N is chosen so that it may be | lambda-lambda C|<=1/2FSR. For example, in a 
desirable operation gestalt criteria wavelength Iambda0=248 and 327.1pm (it corresponds to the absorption line of a hollow iron 
anode plate lamp) are chosen. Under this wavelength, the fiinge diameter DO will be found out with 300 pixels. Cd is a constant 
and each of also measuring directly and things to calculate from an optical design is possible. In a desirable operation gestalt, it is 
a Cd=-9.25x10 -5 pm/square pixel. A fiinge diameter may be measured with 405 pixels using the laser which follows, for example, 
is operating under various wavelength. Wavelength possible at count by the formula (1) lambda= 248. 327.1 pm-9. 25x10 to 5 
pm/square pixel [(405) 2-(300) 2]+N-FSR When 248 and a 333.95+N-FSR free spectral range are FSR=20pm(s), the possible 
value to lambda = 248 293.95pm N=-2248. 313.95pm N=-1248, 333.95pm N= 0248. 353.95pm N= +1248. 373.95pm N= +2 is 
included. 

[0031] for example, rough wavelength — lambdaC= — when it is measured that it is 248 and 350. a processor will choose the 
value of lambda- 248 and 353.95pm (N= +1) as a solution most approximated to lambdaC. Each of the inside and the outside 
fiinge diameters D1 and D2 as shown in drawing 16 B is respecth/ely changed into wavelength lambda 1 and Iambda2. The final 
value reported to laser wavelength is the average of these two calculated value. That is. it is lambda= (lambda 1+lambda2)/2. 
[0032] (Count of bandwidth) The bandwidth of laser is calculated as (lambda2Hambda1) / 2. A fixed correction factor is applied in 
order to take into consideration the natural width of the etalon peak currently added to true laser bandwidth, although a 
deconvolution algorithm is the formal approach for removing etalon natural width from measurement width efface mathematically 

however, this not much — being also alike — count — it is intensive and passes — it comes out. and since I will be, the 
fixed amendment deltalambdaepsilon is subtracted and it brings about sufficient accuracy. Therefore, bandwidth is deltalambda= 
[(D2-D1) /2]-deltalambdaepsi!on. deltalambdaepsilon is dependent on both an etalon specification and true laser bandwidth. 
Generally it is in the range of 1pm from 0.1 to the example of application explained here. 

[0033] (Proofreading of wavelength) About 10% of the beam which passes a mirror 182 is reflected in the optical fiber input 188 
from a mirror 186. and light progresses through an optical fiber and goes to the atom wave length criteria 190. Connecting [ and ] 
this optical fiber to the atomic comparing unit 190 by opening 191. it is reflected from a mirror 69. focusing of the light from an 
optical fiber is carried out to the focus of the core of the neon iron steamy eel 194 with a lens 193, and focusing is again carried 
out on a photodiode 196 with a lens 195. The atom wave length criteria unit 190 is used in order to proofread a wavemeter 120. 
This is performed by a<|justing laser wavelength, while keeping constant the output energy shown by detection equipment 69. 
supervising the output of a photodiode 196. Although the photodiode 69 shows the nominal output, when a photodiode 196 shows 
a considerable output reduction, the wavelength of an output needs to be in agreement with the 248.3271nm iron steamy 
absorption line. As for the location data corresponding to the image made by the diffraction grating 176 on the location data 
corresponding to an etalon fringe in case the output of a photodiode 196 is min. and the line type photodiode 180, detection and 
record are made by the wavemeter control device 197. and this data is used in order to proofread a wavemeter 120 with the 
wavemeter control device 1 97. 

[0034] (Microprocessor for wavelength measurement) Since the pulse separation of 2000 Hertz laser have only only 500 
microseconds, in order to obtain an opportunity to amend the pulse which will happen from now on to the wavelength error of the 
pulse preceded just before that, wavelength must be calculated by the time amount which is considerably less than 500 
microseconds. As mentioned above, the photodiode array 180 can be read by 2x106 pixels/second in rate. Data are read into 
buffer memory so that data processing can be started between read-out. Data processing needed in order to perform above- 
mentioned count is the model 68332 preferably supplied from Motorola Corporation. It is carried out using a 25MHz 
microprocessor. It remained and this person judged that over clock could be carried out in order [ this ] to run the processor 
which is not expensive by 43MHz. without being accompanied by perfonnance degradation. In one desirable configuration, it is 
read from PDA180, the above-mentioned wavelength count Is made among 420 microseconds, and all data give 80 microseconds 
to moving a mirror 14 before the following burst. 

[0035] (Amendment of bandwidth) Although the measurement of band width performed by the spectrometer equipment shown in 
drawing 6 brings about larger bandwidth than true wavelength, it is because it. I.e.. all spectrometers, has the spectrum of itself 
called the ''slit function" which is the spectrum which will be displayed when a spectrometer supervises a monochrome beam. 
Since this person developed the technique amended to the measured spectrum at eye bracing to the equipments of drawing 6 , 
he explains this technique below. Drawing 1 5 A shows qualitatively a common spectrometer slit function and a common true 
imagination spectrum. The measured spectrum will become the convolution of a slit function and the true spectrum of a laser 
beam. Therefore, a slrt ftjnction must be removed in order to determine a true spectrum from the raw spectrum data of 
discharge-in-gases laser. If it is going to perform this mathematically, the result of being very difficult will be brought. 
[0036] The simple technique of this person who amends raw spectrum data is very simple, and more moderate compared with the 
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conventional technique. This technique relates to the following phases. 

1) Measure the slit function of spectrometer equipment mostly using a monochromatic laser beam. 

2) Measure the spectrum of actual discharge-in-gases laser using the same spectrometer. 

3) Calculate the width efface WR of the raw dischargeHn-gases laser-spectrum data measured by the spectrometer. 

4) Collapse a slit ftjnction and raw discharge-in-gases laser data. 

5) Calculate the front convolution width of face WFC of the obtained convolution spectrum. 

6) Calculate the approximation width of face WT of a true discharge-in-gases laser spectrum using a degree type 
WT=WR-(WFC-WR) 

Such W may be any of some spectral band width, such as FWHM or total 95% bandwidth specification. 

[0037] (High-speed mirror accommodation) Drawing 12 . and 12A and 12B show the device In which high-speed accommodation 
of a mirror 14 is permitted. Although this operation gestalt is serious improvement in a rate as compared with an above- 
mentioned stepper motor drive system, it Is not necessarily a high speed very much, so that it is enough to perform 
accommodation to a pufse from a pulse. As for the approach before relating with mirror positioning. It was out of the question as 
above-mentioned to have needed about 7 mses for moving a mirror 14. and to have performed wavelength amendment of a pulse 
to a pulse by 2000 HerU. In the technique of the before, the lever arm ***=Ked) to the perimeter of a pivot, and the reduction in 
mirror migration of 1 to 26.5 was brought about as compared with migration of a stepper location. The stepper In the 
conventional technique has 1/2 inch (12.7mm) migration and 6000 steps on the whole, consequently each step is made into 
distance and is about 2 microns. If reduction in 1 to 26.5 is performed, one step will be about 75nm migration, and. generally it will 
carry out about 0.1 pm change of the wavelength of laser wavelength. In the technique which acts at the high speed shown in 
drawing 12 A. the piezo-electric stack 80 was added to ***=icMc** of a lever arm. A desirable piezo-electric stack is the model P- 
840.10 supplied by the RJIKU INSU torr maintenance limited liability company of the BAL TOBURON whereabouts of Germany. 
[0038] This stack will bring about about 3.0-micron linearity accommodation by 20-volt driver voltage change. This range is equal 
to about **20 step of a stepper motor. This stack can answer within less than 1 microsecond to a control signal, and a system 
can answer easily the signal updated on the frequency of 2000 Hertz. In a desirable operation gestalt the control to each of the 
pulse of a 2000 Hertz pulse repetition rate gives sufficient time amount from the pulse in front of one to wavelength count based 
on a former pulse rather than is based on the pulse in front of one. However, this operation gestalt has the latency time of 7 
mses. and brings about a 7 times as many improvement as this compared with the design of the conventional technique. 
Therefore, still more neariy high-speed feedback control can be brought about. One desirable feedback control algorithm is 
explained to drawing 12 C. In this algorithm, wavelength is measured to each pulse and the average wavelength of the pulse of 
the four last and the two last is calculated. Accommodation is not performed when the gap from target wavelength of the 
average of any is less than 0.02 pms. When both shift from a target exceeding 0.02pm(s). accommodation is made by the piezo- 
electric stack 80 to a mirror assembly, and wavelength amendment is performed. After being ac^justed by which [ of two 
averages ] is used, and the last which is judged by whether much time amount passed. If the stack approaches to 30 of the 
range and 70% (or 45 and 55% can also be used instead of 30 and 70% of range in order to prepare the more neariy available 
range), a piezo-electric stack will be maintained in the control range, when a stepper motor carries out a step. Since a stepper 
motor needs about 7 mses for 1 step completion, an algorithm may carry out some piezo-electric accommodation between the 
steps of a stepper motor. 

[0039] (Feedback control of a pulse to a pulse) Drawing 13 A and 138 can show the mirror control unit which enables high-speed 
mirror accommodation further rather than 80 microseconds, consequently can realize it by the basis whose amendment to a 
pulse from a pulse is 2000 Hertz of pulse repetition rates. In this case, piezo-electric accommodation is brought about to 
lightweight mirror 14A with bolting rib 148 which moves to mirror mount 86A which the piezo-electric stack 80 is permuted by 
metal support 80A. and has weight more instead. Mirror 14A is firmly held by the tension member 89 which can be adjusted to 
the spherical contact of the edge of Stacks 88A. 888, and 88C. 

[0040] In this operation gestalt these piezo-electric stacks prepare very precise accommodation of the location of mirror 14A to 
mirror mount 86A. Like the above-mentioned example, since big accommodation is brought about by the stepper motor Its region 
of accommodation of the piezo-electric whole components 88A. 88B. and 88C may be very small like about 1.5 microns. The 
accommodation covering a very small distance like about 0.1 microns of this lightweight mirror with three piezo-electric 
components is the range for about 10 microseconds, and can be performed extremely at high speed. Accommodation of a mirror 
location can be a<Uusted by moving driving gear 88A to an one direction, and moving driving gears 88B and 88C to hard flow or 
moving only driving gear 88A. Uke [ in the conventional example ]. the desirable control algorithm with which the outline is 
explained to drawing 12 D needs the step of a stepper motor, when a piezo-electric location reaches to the 30% of the minimum 
abbreviation of a control range, and a maximum of 70%. this brings about a control range without migration of the 160nm stepper 
motor which is equal to about 1.6 pm(s) (one piezo-electric driving gear is used — or it depends although it Is three) from about 
0.8 pm(s). Therefore, ultra high-speed piezoelectric control has sufficient range to control [ which Is generally in **0.10pm ] all 
chirp fluctuation substantially, as shown in drawing 15 A. A bigger wavelength change is brought about by the stepper motor. 
[0041] The algorithm by which the approximate account was carried out to drawing 12 D prepares the control to the pulse of 
laser wavelength from a pulse, and can be made to perform pulse [ degree ] amendment which used the ultra high-speed mirror 
design shown in drawing 13 A. and 138 and 13C. This algorithm awaits completion of Pulse N and redefines it as a pulse N-1 so 
that It may be explained to drawing 1212 D. an algorithm — the wavelength of a pulse — measuring — it — a target pulse — 
comparing — and the stacks 88A. 888. and 88C — or stack 88A is moved and target wavelength amendment is brought about 
These all are preceded with Pulse N and performed, consequently at the time of Pulse N. it is moved and a mirror is a quiescent 
state. When one of the stacks separates from 30 to 70% of the range, a stepper motor performs a step. An algorithm will cause 
the migration to within the limits after that 30% to 70% of the stack from which the range separated. The location of a stack is 
based on those control voltage. The case of under a specific small value like 0.01 pm(s) whose absolute values of deltalambdaE 
are 20% to wavelength variation of one specification value, an algorithm can also be changed so that piezo-electric 
accommodation may not be performed. 

[0042] (Preliminary alignment and positive alignment) The above-mentioned operation gestalt can be used for the purpose other 
than chirp amendment In a certain case, the operator of an integrated-circuit lithography machine may wish modification of 
wave ength in the way decided beforehand. If it puts in another way. target wavelength lambdaT will be able to use eariy historical 
wavelength data or other eariy parameters not according to fixed wavelength but according to a predetermined pattern, and will 
be able to change them by required frequency by the either as a result which updates learning algorithm periodically in 
succession. 
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[0043] (Measurement of a mirror location) By specifying a specific mirror location in a certain case, it is required to control 
wavelength and it obtains. This can be performed using the operation gestalt shown in drawing 14 and drawing 14 R>4A. In this 
operation gestalt. as shown in drawing 1414 B. a diode laser 86 supplies the beam reflected from mirror 14C. and focusing of that 
reflective beam is carried out to the photodiode array 90. and it determines *****nwc* of mirror 14C. This equipment enables 
exact positioning of a mirror, without operating laser for actual wavelength measurement. This can become important when exact 
positioning of a mirror is required. In order that drawing 14 A may raise pivot measuring accuracy, the technique of Increasing the 
optical distance between mirror 14C and PDA is shown. 

[0044] (DeUil design using a piezo-electric driving gear) Drawing 7 is drawing showing the detail description of the desirable 
operation gestalt of this invention. This design is similar to what is shown in drawing 12 A and drawing 12 B. A big change of the 
location of a mirror 14 is made by the stepper motor through the lever arm 84 of 26.5 to 1 . In this case, the diamond pad 81 is 
prepared in the edge of the piezo-electric driving gear 80, and the spherical positioning ball of the supporting point of the lever 
arm 84 is contacted. The contact between the summit of the lever arm 84 and the mirror mount 86 is hung down even if it uses 
four spherical ball bearings (only the two are shown) with which it was equipped on the mirror mount as Indicated to be the Dow- 
Jones pin on a lever ann in 85. It is equipped with the piezo-electric driving gear 80 on the LNP frame using piezo-electric 
mounting 80A. and a stepper motor uses stepper motor mount 82A for the frame, and it is equipped with it. It is equipped with a 
mirror 14 in the mirror mount 86 using three-point mounting for which only one of them uses three aluminum solid spheres 
shown in drawing 7 . Three springs 14A applies the compressive force which holds a mirror to a solid sphere. Drawing 8 is a 
desirable operation gestalt which is different a litUe from what is shown in drawing 7 . This operation gestalt Isolates a piezo- 
electric dnving gear from the environment inside LNP including bellows 87. This isolation avoids the contamination which may be 
caused by the generation of gas which prevents UV damage over a piezoelectric device, and comes out of piezoelectric material. 
L0045J (Dither alignment mirror which approximates target wavelength) The above-mentioned monitor device and above- 
mentioned wavelength alignment device of wavelength and bandwidth make bandwidth control of a laser beam possible. This 
technique needs to supervise bandwidth using the wavemeter shown in drawing 6 . When bandwidth is under target bandwidth, a 
wavelength control equipment is used, the dither of the mirror 14 is carried out at frequent spacing, and the way of a pulse to a 
pulse causes the very minute shia of a spectrum, consequently the average integral spectrum covering the window of a pulse 
approximates an almost fixed spectrum equipped with bandwidth similar to target bandwidth. 

[0046] For example, in order to design the optica! equipment to a scanner for the bandwidth of 0.4pm(s). to be able to make the 
perimeter of a nominal location carry out the dither of the mirror 14 when the bandwidth of reduction of fluorine concentration, 
therefore an individual pulse is 0.3pm(s), and to maintain the same nominal wavelength as the effective increment only In 0.1pm', a 
shift forward [ of the nominal wavelength of about 0.05 pm(s) ] and negative is made. Although the shift of wavelength of 0.05pm 
(s) is made for the general commercial excimer laser of the class examined above, the ph/ot location of a mirror 14 needs to be 
changed [ about 2nm ]. This change of a mirror location is easily brought about by the piezo-electric driving gear which is 
referred to above and shown in drawing as an item 80. Generally, in integrated-circuit manufacture, each spot on a wafer is 
usually illuminated using many pulses of the range of about 30 to 150 pulses, consequently each of a die spot receives a part of 
almost equal pulse from the both sides of a dither so that fully [ a dither rate ]. Therefore, when the number of the pulses which 
illuminate a spot is 30. a dither rate must be 1/4 of a pulse repetition rate at least. Therefore, a dither rate is at least 500 Hertz 
preferably, when a pulse repetition rate is 2000 Hertz. This does not pose a problem for the equipment referred to above and 
software. 

[0047] (Deformable alignment mirror) Drawing 10 shows the segmented selection mirror and each of five mirror segments is 
controlled there by the piezo-electric driving gear 14B1-5 of itself. As for each of a segment, it is possible to make it operate by 
ultra high-speed. Since each horizontal position of a beam can control this operation gestalt separately, it has another advantage 
which improves the bandwidth of laser. In a desirable operation gestalt. each segment is controlled according to an individual 
using the feedback control system and software which were designed in order to maintain in the range which sets bandwidth as 
the targets within the limits of 0.03**0.02pm etc. This operation gestalt has PDA124 and measures the location of each segment 
again. With a mercury lamp 1 14. light is prepared and UV light passes a slit 1 16 and the colla tempestade MINETINGU lens 118 
there- The beam in this case is expanded through the same beam expander as being used in order to expand a laser beam, and 
five small lenses carry out focusing of the light from each mirror to the separate part of PDA. 

[0048] (Purification of a diffraction lattice plane) Although purification of a Rhine narrow INGU package is known, with the 
conventional technique, it is teaching making it a purification style not flow to a diffraction lattice plane directly, and. as a result, 
generally, a purification style is supplied through the port established in the location of difl^raction lattice plane regions of back 
etc. Carrying out a deer, under the very high number of cycles, the layer of elevated-temperature gas (nitrogen) was formed on 
the diffraction-grating side, and this person discovered making wavelength distorted. The positive wavelength control considered 
above can amend this distortion partially at least. Another approach is purifying a diffraction-grating side, as shown in drawing 1 1 
A. and 11B, 11C and IID. In drawing 11 A, each stoma (spacing of 1mm or 1/4 inch) of the crowning of the purification tubing 61 
with a die length [ of 10 inches ] and a diameter of 3/8 inch supplies a purification style. Other techniques are shown in drawing 
11 B, and 1 1C and 1 1D. 

[0049] Probably, it will be clear to this contractor that modification and correction do. without showing the specific operation 
gestalt of this invention, and deviating from the larger mode of this invention, although explained. For example, in the laser with 
which the line was narrowed partially, as for bandwidth, a line is narrowed using two or more prism, and a beam is reflected using 
an alignment mirror. Probably, this technique needs to carry out the dither of the alignment mirror. That it is also useful to 
removing the problem of coherence should understand these dither techniques. Therefore, the attached generic claim has the 
intention of including such ail modification and corrections in the true pneuma and the true range of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows fluctuation by the wavelength of the best focus. 
[Drawing 2] It is drawing showing a common narrow-band discharge-in-gases laser spectrum. 
[Drawing 3] It is drawing showing fluctuation by the bandwidth of air image reinforcement. 
[Drawing 4 A] It is drawing showing fluctuation by the bandwidth of change of a critical size. 
[Drawing 4 B] It is drawing showing fluctuation by the bandwidth of change of a critical size. 
[Drawing 4 C] It is drawing showing fluctuation by the bandwidth of change of a critical size. 
[Drawing 5l It is the block diagram of narrow-band laser system. ■ 
[Drawing 6] It is drawing of a wavemeter. 

[ Drawing 6 A] It is drawing showing the count approach of wavelength. 
[ Drawing 6 B] It is drawing showing the count approach of wavelength. 

[Drawing 7] It is drawing showing one desirable operation gestalt manufactured by this person. 
[Drawing 8] It is drawing showing one desirable operation gestalt manufactured by this person. 
[Drawing 9] It is drawing showing a test result. 

[Drawing 10] It is drawing showing the laser system constituted according to the desirable operation gestalt 
[Drawing 1 1 A] It is drawing showing the technique which cools a diffraction-grating side in a desirable operation gestalt. 
[Drawing 11 B] It is drawing showing the technique which cools a diffraction-grating side in a desirable operation gestalt. 
[Drawing 11 C] It is drawing showing the technique which cools a diffraction-grating side in a desirable operation gestalt. 
[Drawing 11 D] It is drawing showing the technique which cools a diffracUon-grating side in a desirable operation gestalt 
[Drawing 12] It is drawing showing the technique proposed in order to bring about precise wavelength control at high speed. 
[ Drawing 1 2 A] It is drawing showing the technique proposed in order to bring about precise wavelength control at high speed. 
[ Drawing 1 2 B] It is drawing showing the technique proposed in order to bring about precise wavelength control at high speed! 
[ Drawing 1 2 C] It is a flow chart explaining a wavelength control algorithm. 
[ Drawing 1 2 D] It is a flow chart explaining a wavelength control algorithm. 

[Drawing 13] It is drawing showing the design of the heat exchanger which makes a different laser gas-temperature field to a 
laser chamber. 

[Drawing 14] It is drawing showing the gestalt of a desirable Rhine narrow INGU package. 

[ Drawing 14 A] It is drawing showing the gestalt of a desirable Rhine narrow INGU package. 

[ Drawing 14 B] It is drawing showing the gestalt of a desirable Rhine narrow INGU package. 

[Drawing 15] It is drawing showing the slit function in comparison with a true imagination spectrum. 

[Description of Notations] 

30 Wavelength Shift Amendment System 

32 Laser System 

34 Tunable Laser 

36 Laser Wavelength Regulatory Mechanism 
38 Laser Beam 

40 Laser Wavelength Detection Equipment 
42 Chirp Acquisition System 
44 Learning Algorithm 
46 Computer System 
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[Drawing 8] 



http://v\ww4jpdl.ncipi.gojp/cgi-bin/tran.web.cgi_eije 



05/05/20 



JP.2001-267673,A [DRAWINGS] 




4/10 




V 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



05/05/20 



JP.2001-267673.A [DRAWINGS] 




[Drawing 9] 




[Drawing 101 



http://www4.ipcll.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



JP.2001-267673.A [DRAWINGS] 




[ Drawing 12 A] 




—J 1 

[Drawing 1 5] 



http://vmw4Jpdl.ncipi.gojp/cgiH3in/tran_web_cgLejje 



05/05/20 




http:/ / vww4Jpdl.ncipi.gojp/cgi-bin/tran_web.cgLejie 



JP,2001-267673,A [DRAWINGS] 8/10 ^— v 




[ Drawing 12 Cl 



http://v>ww4jpdLncipi.gojp/cgi-bin/tran^web.cgi.eiie 



05/05/20 



JP.2001-267673.A [DRAWINGS] 

A 



9/10 ^—i> 






[Drawing 14] 



http:/ / VNWw4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi.eije 



05/05/20 




http:/ / www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_^e 



05/05/20 



(19)H*H1*flF;T' (J P) 



«2> §i 4% 



(A) inmfi^mmikmm'^ 

#512001-267673 
(P2001-267673A) 
(43)^iaB ^J$13^9^28B (2001.9.28) 



©Dlnta.' 
HO 1 S 



3/139 



F I 

HOIS 3/139 



T-73-r{#St) 





4$e2001 -34157( P2001 -341S7) 


(71)tHJSA 


S97014361 


(22)aiSB 








5pjEKl3^2^ 9 3(2001.2.9) 












92127-1815 t>-> 3r-<x:f ^i^^O 


0 9/5 0 1 1 6 0 




5?— H9-f:/ 18275 


(32)«JfeB 


Vfifel2^2^ 9 3(2000.2.9) 






(33)ffi5g|i£SH 


*S (US) 








0 9/5 9 7 8 1 2 




92129 IJ-^ 5*-^x=f ^ 


(32)9jtcB 


¥l!ei2^ 6 ^ 19 3 (2000. 6. 19) 




x-r 14390 


(33}fl|jtli^B 


*® (US) 


(74)f^aA 


100059959 


(3l)fl|jfcffi^!B$^ 


09/608543 




#aS± W {^9«) 


(32)«5feB 


iFfiB12^ 6 ^30 B GOOO. 6. 30) 




(33)ffitc«^§Ba 


*H (US) 







(54) \sm<r>^'m\ P'-1f«)««'IBSlWfi3l5 



C57) [S«J] 




• 



(2) 

1 

-5 -f > 

A) ^@SIJ<D>'^•;UX • tf • /^•J^;^®^J^l|ii?:iiJST 
■SfcJ&tClfge U — !f • A *SIIt" -SSPg <!: . 

it. mszs.mm«ms^~ ^ h jc j: o igsii 3 isiia 5 . 20 

W,=W.- (W,c-W,) 30 
[0 00 1 ] 

[^H^©ra|-r^firfl5:9-lf] 1 9 9 7^7^ 2 

2BSIW©. Iiaii^aifi^e. 0 7 8. 5 9 
4>Si>UTJU#-^®0 8/8 9 8. 6 30-^<t2 000 
^2^9 0fflffi©->>;T;l'#-^||O9/5O 1. 160 

^t(D—^m^\imxi)'3^c. 2000:^6^1 9 

dl©i> TJVm^m 0 9/ 597. 812 ^©-giSBtigS 40 
[0 002] 

[!{e3fc©«?5fs] (tsssutai) u— iftj. ^<<D!t>m^m 

CC*jt,»-C€Effl$n-5>, mti. K r FSCXA r Fx+t/ 
». l-'-- !f©#^j&:gffl«:gfttt3n5. !f©j^ 50 



!^2 001-267673 
2 

[0003] U-1f©ffi^S«:«|ffiU. lig5-rS/c*tCfi^ 

Tg&©/cfe(C. BgSC;f|3b-C;l'©[5I/Cx^JS%^OT^!fi5 
?:(lFOtB-r. C©|^/Cvw^W. **©HJ5t^g|J^?:g5Ji3 
H^•CI,i^„ C©T^iS|©BJSi,jct3^gi5^©fi]rg(i^ jg^ 
5 f=j ^ - h ( p m ) ©iSHrt© J: ^ (Cltiftafjla 

■!f©jffiS^rO. 0 1*560. 0 3 pm©SiSHrt©J:'5«C 

[0 00 4] ys^sroi^iiccfcc^T. ;^>*J5:5^3!)S 
^ca'pfi«. &m^?s©wgp(c3g*si:r^,ci-c, -ec^ 

ix-if.e-A©-S|5^#!7-r> • ±a--f >y . /-Ci, 

-^■-i^rttcjiia-rs. -ec-c. f-A©-?-©— gf5^(j, 

tc. ^^-A*i|5I^Tls^^?^MBJ■r^.fte[4^^t3■^•4c<!: 
{ciorisiiisns. c©ci». iHi*fts^©{4a*gs 

B-lri>t\ X«. t^-AigSSrt(c5 7-iag5«g;£:t8i:f 
s*'«:j:ortf ^cij&ix?^-5. c©iHlJTts^F©tia. 
X«. 5 -©&a©^®!tt. feiTJc u— !f jsispjgjsts 

[0005] ti£*SJB{c*jt,ir. -«g:e!j)5:7 - ho-c 

^i-;^ • '^'f^F'i'j iif*?ns— a©>'^•;^x©sF±*r^s 
tC*H/-C9iffl$n2>J:^.{cm«2 4 8. 327.. Ip 
m©J:^?caai-rSjSS[g©. ±0. 0 5pmii<»f©ffi 
^cliAz:L^#.5. ji^©-'<;i';^ • '^-(ly K'i;(*. 3 0>'<.'U 
:^-C*6 ^ . «iJ©-jSfte«j)5:f±««. ( 3 0 j^)VX0:>^ -5 

^t) -al®''^v^x{c^!^u■r»J3E$nfc^S[s©siiHBll■c 

aSWi^tS af±^{i. 0. 1 5pm-C*»)^4. 
[0 00 6] jKS*i2 48:^>'^-h;Knm) Riyf 1 



3 

9 3 n m(0'mi^m^^im<omm(iC^lrfXtl^tl^^'^l^ 
>Xt**4<tl^^$lM«, K r FSO'A r F 'J vy-^:? ^ 

[0007] *«iE<DU>X«:*f-r4feiRMcD*«>ii5 

^^xm.^w,&sm^m^^fc±m^^mr^ct 
tiCX-:>xo^^mmt^cti)^x^^. vyvmcy 

[000 8] b—!f l^- AO^^igciHW. ±iBr#JSLfc 

S5RL/c„ m±m\tifc. ±^mm(D9 5%immLx 

■ xA (p pm) J:0^jN$Ci'C*)5^o 

cccfc ^xmm^mm§s^^^(,r<^i> c t (tcMi^mi^^x 

[0 00 9] 

mmmmLj^'^t'T^mmiiit^x. ly—^co^m 

[00 10] 

fte[tcJ:0S#5 0 0-r-<'tf^©K.'5f^^1fiiarx-< 
[0011] 
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[0012] m^it(^w^mF^.(o^itffi^PLf^tifcm 

(FINLE) • r^^-/aSP-X • -/>n-;j<U--f'-:^ 

20 [0013] m^tj:-r^m\y-vu:MLxmm^tifc. H 

r F U-1f •X'-t^ h^UOfi^H^^ro 
«:S»T'2>/cd?>. 1 8 0 n mO^^i^cD^cliSI^ 

(CCDM^^ffi^. 0. 3iii^^gfiitcS^T'5>i51^ 

30 ffl^n/Co NA = 0. 6. a=0. 75. Aa = 

2 4 8. 3 27 1nmt?*^. F WHM^C^ilgiliiO . 5 
pm. 1. 2pm. 2. 1 p m?rf|-^U— • X^i? h 

(/xm) /pm:d^{S^§n/Co 0 3 tcM-S C -5 

[0014] m,^fmmci.hmm(jmw^A (c 

^^•^^-^^3&5fi^«$n/Co ip-fe, a=0. 75. A 
0=248. 3271nm. ^^''AXQ^^^WSmm. 
NA = 0. 6. 0. 7. SO\ 0. 
-^'3>«^ 2 4 0 nm?!)^e> 1 4 0 nin(DffiHcD#!4;Bg 
tC*tUT^Sn/Co feiRMlSS?^. 0. 2 2 5/im/ 
Pmd5^g^$n/c. 04 A. 4B. Saf. 4CCC^RSn 

50 [ 0 0 1 5 ] ( F, «gSec?*TS^«i|ii<Dtfc??tt) 



9 



s 

^, ^B$i|«j 0 . 1 6 1 fe > h /cC:tmtt 5 n 

j^tt. m&mtfim i o ^/cw ?g^-r -s * -ccom 2 
Alt. ii:-^{cfi(iimE?rviso-5.. ccDafp:^^©!^^ 

t|!ii©l^Wfl«^W)?:*/jN|!R{tr5HJI5© 1 7 

[00 16} (jgg|iiE8IS) ISI5«. U-if-v-XT^ 

-1f3 4«r^tf. 1 o©||SS?f$S§«:*jCir. U— tf3 4 
tt. Sfeil-^ (UV) x+i-v - U— !fr*0. U— ^f• 
x4.;^=^^©/^•;^X4|6f U-tf- i'>«;7^A3 2»S 
!f?SS!SiS85tS1t3 e^^^'^ U— !f3 4©z6S 

««3 6W, U-1f3 4*. Rg^snriJi,^^,**©©. 

m 0*^6 2 0 5 ')^(Dma>tm.ifji^^tmm^^m 

SfSLt^^JtJg^fCfcC^T^ U-1fjS«l9gptil1«3 6 
[00 17] (U— !f&St^ia) U— tf3 4*s. -t/^:- 

n-ru^,B#. -5-©ssc*f^n/ci — -tf-f-Ass©— sp 
s*ftw^a4o«. se3few%i^®-cj: < . u-if-t- 
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r:)ttf-Ajes*iSiS-r5.i^;^7^ASo':^ffij ii,>^;s 

**®*S#flF|g5 . 025. 445-^. yg^-f-F-lf 
> h n-AP,{c^-^$n/c ri^sf|-©/c«)©iasii 
«;ffi&c;^g<i:-€-n{cj:t3»$n.5i^i)gojfi6i — tfj 

it»5«f*©*H^iiF®5, 4 2 0. 8 7 7-^, yg^t 

'a-^i^i^wmi t\.^'>^^o:>^mm<fm^. 095. 

10 4 9 2^. SO'. -^rf-JU • *^>3:7K:'W#3n/c 
«ft;©7|4@!tt^||5. 4 5 0. 2 0 7#-C*-5. fSSift 

[0018] U— tfigJS«lffl^S4 0 «. U— !f • e- 
A3 8©*sa©i|f14?r. iyT«:^M-r-55=- + -7'm» 
'>;:^-f-A4 2©d;5/j:iUjp©J{isI5ISS-C^fflT-5/c«) 
f^S^^^Kt-^tciEiitc^-r-S. C©iiftiiaaiiI8S 

20 — tf 3 4©?g2g*$IJ®L. U— !f-tf-A3 8©:BI>*JS 

-fb^flf) U-1f3 4©;«fX©il^:&$IJai 

[00 19] \ -OOymmmiC^K^X . U— !f3 4W. 
S#l 0 0 0-'^•;^xt^±©>'^•;^x;SrSSrbB■r■5). SSWtC 
tt. U— tf?SStJ|ffi$|g4 0». U--!f3 4*i6©-'>Vl. 
;^ • h©S7%-;i-xiSfi^&^fcBr*. f^fcOtc. u 
30 -1f2S?gt^ffi^|g4 OtJ. U--tf 3 4*iP.©M-;UX--'-c 

^*^6a^^^3n/c>'^•;^x©g^l^ft■&©^g^g;&t^^mo 

rt>J:t,». U-1f t-A3 8©-'<;l'X©ieg5&. {^^ 
lo©^iSJBJSg{CteW.5 0. 0 1*iP>0. 0 3pm© 

nrj;i\ ai^ 'i2g?st^mfi?5f5so^g©t«i». 

[0 02 0] iSMV'yZ^T.f'^-^itm^^^mm.Si 
40 «E) 06*^601 1. 01 2A*>P>01 2D. 01 3 
A. so. S13BW. |gl^5 7-*ffi3£3l+4/cSt){C 
EEm h ^>;^f'^— tj-©g^«:at>t£;s*5pJfflr-5jRS 

[002 1 ] (^itjgjstt) ^N';u;^faps©B#ia. (200 
O'v;u->u-lf{cio-rtt0. 5 5 y#) j:»3fcsci^ 

raraR3t?*-5.J:5Ad:. jgS©lSji$iJtai;&t>/ce>-rfc«)K: 

50 9m.-ri>m&^'Bt.uiSim<owimx. ^mmffvsh ^ gg 




1,32 4-^K:*Jl>r!t«3n. 2|i^ifflS(C-e-©:^*S 

{.0 0 2 2) m6K.ijk-rj:^iC. U— *f • 5" -f >^s*iP, 
©W*f-A«. f-A • x4^^U=*^©iji^9 5. 5%*ffl 

JgM5 7- 1 7 Si43n/ch^-A<3r>$«j4 
5^-1 7 l{Cj:oTx;»i;m?;^Hl^ai 7 2M: 

9 2 -fejUi, ^iIL^*iS#4, 0 0 

f::L-^SfJ^gl 0 2 (SI 2) {c^*&$n. a>f 
M3*lt:i»€,*@!|#itlg6. 0 0 5, 8 7 9#CCSi?«^ 
;^©i;^J^+^«)S!>V^•J^;^ -/-t-x h©^f*x^;u=¥^ 

S■^C»r1g3fc/^•i^y^©/^•;^;:^.x4^;^+-:feiESt^C$lJffl|■r 

[0 02 3] 5 5- 1 7 l.?:iijaT-5l^-A©*5j4% 
tt, 2-7- 1 7 StCiDxy > 1 7 7€rji-5'C5 5- 
174(CSS^$t^, M«:s-5- 1 7 5CC, ^^ra^- 
17 4K:. -eb-C. xi^xJUaJrlSn 7 6±«:JSS43 
nS. t^-A«, M.*^|«4 5 8. 4 5yy-h;Km 
m) ?:}#-:5b>Xl 7 8CCj;-:>-CWK:3n-5, HSrlS 
^•1 7 6A>6SS*3n/c:)lc». PVXl 7 B^jliMbr 
I?*). WCJf5'5-l 7 4. 1 7 5. SO'. BSl 7 4r 

:? * h • d^-r F -T U- 1 8 0 ©^ffliJ±tC^*-&t)-& 
$n-5. C©:7* h-dr-r5i--H-TU-±©t-A{4ig 

5 5- 1 7 s^jija-r-Sf-Ac^tjg o%«, 5-5-1 

8 2*»e)SS*3n. U>X1 8 3?rii0x4fU>l 8 4 
[*gtc[S]*i^. x^a> 1 8 4*Hi*tr-A», x$n> 
©4 58. 4 m *S Ix > X{C J: o r l»,-^,-^t>-lf S 
06{C7i^-rJ:^K:2r3©5 5-*i6SW3ti/cf^. 
* h - y-f K-T U-©4'*Ri>'affliJ±(c^g^ 

[0 02 4] K • TU-) ^ 

h-i^-f:*-- K-TU- 1 8 0«, 1 0 2 4©<lglj7 
* h •i' K^IhISS. sex. «S©affiSCJtfi^ 

F«. :^S2 5. 6 mm W {CS* 

u-r 2 5 5 D >© f -e-n-en©7 * h • 

5''W':*--F«. 50 0 5i'n>g-t?*^. C<D^*>tj:-y 
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* bti^ifeJgSltCfctir. ■t7^;US 3 9 0 3- 1 02 
4*s^gn. ^^^cl 02 4b-i'-fe;U^^ 

2 0 0 0 ^►aa-C^^Wr C t *s-c# S F 

I FO'<-XtC*jl,>T2. 5X 1 0'f>;H2;U/#©)t 

Kriftfci*i-c^s, J:Oi«iIS©ru-«. 

RL2 0 4 8 PAQ-Cd!>9. * "J 7* jU;::.T!H'|-9-^-'< 
— Jl'Sr^tt©-/— • l>~ • r>F • • (EG 
&G Re t i c o n) {CJ:i3«t&3n-5. C©PDA 
10 «. 1 6. 8 7 5 + cI'v;^•>©7^-A^i@F{c*^c»•r 
2. 04 Sb-drizJl/r^SiaSCiJtis-Ct^*. 
[0 02 5] (fiaES©ttSt) igSsf**;^ -jl. 1 2 0 
©fIiffifi:)!£^g|Jo°D«. 1^0. 25mmx3m moymWM 
* ■ TU-1 8 0©;£ffliJ±{Cfp») 

1 OXttl lffl®fiS5fel/^t7* F- 5^ F 

20 {i. iii^©4''C^{iS^tt»-r-5)o c©{ig (fi'-feiU-c 

tte>n€>) 2o©ijUEfi^*^b. $/c. -agi 
jSfi<!:©m{ciS^«6*«3eb-c. ti»[Sffl{c^gs3n 

^. cnP,©f5iE^iS!«. JWTfcUiaj^n-SM^jgSM 

A= (2. 3 pm/f^-fejl/) P + 248. 350pm 
[0026] («?gj&g©SijSst®) ^7feit«. jggt 

30 ■tf©^b^*S2 + a'-^jl.-:;jy_h;^®-c, ig??fa<}*»-3n 

(,>TJi'=f<jxA;&ftffl-r^c<t*sj£;>ii-c*-5. :^mmm 

[0 0 2 7] C©»$L/C^|y6J^(S|{cfcliT^3nS 
JfSH,^T;i/=r.;xA©:ftfl:6«j^c^ijffl{j. ccc^TK: 
SttWSn^.. H6Btt. ^$n-5«i:^(C5<B©e-4'4^ 

40 J^-ottn-cabD. ^ntt^si^ * F-y-f:^-- F•T^- 
l 8 0 -CiiJjeS tlfcti-^©— |5©x p >T*(t-^5:^ 

zff^Tti,cttctj:K), mm-ifoicfii,, commit. 

50 J^HB BtCmSn-S. C©7'-5f-'?-f > F'JW. cfJ 



^?5©f-^?:7=-5f • > K •t/cDJI-'^. ifi-C^f 

[002 8] Ma-r6eK«, jyToiior*^. 
i^^sK^ens. c<Dsis^«. f-d?3&i^mstis 

CC, 5 0%U-<;U*ittm$n-5. 0%U-^;U«, 

mtltiUXX.. 5 0 % U-^^bCD^^Ifl^rjeto^, 1 *t<D*<iDHI 

•7*— h;&i^L.r. 1/1 6©J:'5^cCfi'4zJU * 
A = 248. 3 2 7. 1 pm-9. 
05) (3 00) •] +N • FSR 
= 248, 333. 95+N-F 

2 4 8,293.95 pm N=-2 

248, 3 1 3. 95pm N=-l 40 

248. 3 33. 95pm N=0 

248,353.95 pm N = +l 

248, 373. 95pm N = + 2 

[0 0 3 1 } ^J^«, ffijggAJAc= 2 4 8. 3 5 0-C 

ti,mtl,X. A = 248. 353. 95pm(N= + 
1 ) Offi^iilR-r^CiCCttS. HI BBCc^SlaSJ: 
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4. ©|!W2SCK31J, 2-:>©7='-i» •t;-/^ KrXc^t 
OTSaSn, ■&f|-t?4oor)fflffl$n/£:5 O^fiig^i^ 
^4. SB B«:7r3n«,J:^lc. 2o(Dii:S3jJff-gL3ti 
D UirtfBiJ:? ij >i^ji:@t?*«). — i*". D2tt, il- 

[0 02 9] (ffl^iS?S<Dti-») rtffliJSOfil-ffliJ:? 
itSDlSO'D2 (m&ttfi'-fe^U) «, -g-ti-etifelT 

A = A. + Cd (D'-D.') +N-FSR 

ccr, A«ii:aD{cstic;-r-&j^:g, A.tt. li^jEa 

D.«, igSAo{CJtl5-r-5itS, Cd«, ^^WtS 
f h-'l'ffiH. NIJ. SEfBtO. ± 1,.±2, ±3, • • • 
[003 01 A.. K,, FSR. SCf. D.©ffi«, m 

I A-A^ I < 1/2FSR 

tet^r, Sl^liggAo = 2 4 8, 3 2 7. 1 pm (ipS 
S»c»S5>:7'©(Rj|X^«;Mlt.TS) fiMViitii,. C© 
i8[:g©fc<!:-C«, :7';>i^B:SD.tt3 0 0 fd'-fe;Ui 

J?S LC^^JfiJ^SSCCfcC^r . Cd = -9. 25X 
1 0-'pm/:qi75rfi'-te;UT*i. SE-^T, mK. 4i 

iSS*i4 0 5 fiJ'-fe^UiifM^mtS. ( 1 ) «:J:S 

2 5X 1 0-'pm/^:^fi7-fe;U [ (4 
SR 

snssi^fiiti, cti6 2ooDfi-SLfiico^j^)'rft4. bp 

A= (A, + A.) /2 

[0 03 2] {^tm<o%\n') v—*f<D^im\t, (a 
.-A.) /2<!:Lt:sf-^$ti*. —m.(omiEmLifi. n 

© u — tf ^J^ifitctnff $ nr (, i ^ X a > • f- i7 ©a 
'Ii*^e.^*-rS/ca&©ffJj^fi<D?!4-C*4*i.l,*iL. c 

AA= [ (D.-D.) /2] -AAe 



u 

mmicMLXlit, 0. 1*^6 1 pm©ffiH«:*S. 
[0033] m&omiE) Z^-l 8 2i:mM-ri,i^ 

m^l&m^mi 9 0«cff<. CCD3K::7T-^^^•^^. §3 
□SP 1 9 1 m^-ibtSJjL^ h 1 9 OtcSi^L.. ifc. 

193CCj:or*:t >1^^42 ;H 9 4 (Ofp'O^Mi^^t^ lo 

h 1 9 OfJ. 2 0€:f5iET.5fc*{C<£ffi3n 

Ctl». h^'-^^-Kl 9 6<Da;^j^riimLJtC 

**e>. t^as^ae 9{cJ;o•r7^stl^>ti^:^x*;^^%— 
S^^:«o-:&r, U— tfj^S*i)|g5-r-5CiK:J:o-Ctf 

©(C. 7 * h K 1 9 6*stl^«ctti;^j«ii>*^-r 

mtXD^mt. 2 4 8. 3 2 7 1 nm<Dit^^tR 
IU«|{C— gc-r-S'j2>g*i*S. 7 * h F 1 9 6 <D 20 

ffl:;b*JS''h-c4> s^©x ^ n > 7 y >s^ic*tis-r SfiiS 

K 1 8 0±CC|51»f:K-^^l 

«. iSfiit*iJiai§^g 1 9 7«cj:r>T*ltHSo'i^As%S 

[0 03 4] (jgSaiJ^v-r i;a7'D-fe»^-9-) 20 0 
Cv^u-:; U— tf©A;l';^H|ig«to-rdi5 0 0 -^^ i>u^ 

Stur. cn*l6^acs-'^•J^x©^fiE^^f 30 

F • TU- 1 8 0«. 2X 1 0' fi'H2;l//$i.>© 

jiffi-e^tjciAs-cts. ^tiiL©iaicx- 
n^o ±3^©tfgc€:^tf-r-s/t<*{cje:<gi$n.57"-:> 

fiil&Stli-tT'jUe 8 3 3 2 2 5->f jtf^JU ^v-/ 5»D 

3 ^ t?^ e> -^^ -2) /cdb(C P 4? g 2, 

■C. :^r©x-5'«, PDA 1 8 0*i6K*a$*T„ ± 
fS©jKgft©*U 2 0-7-f 4»a#©H(c>Sc3n. y^©-'^• 
h©.M«c5^- 1 4*»ttf-5©tc8 0-r-f i»ai» 

[0035] (^l^i|@©«iE) la 6 tCTnS n^^^feitJg 
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a6©^gffl{C> aiJ5£$n^:X-:i/ f-jUK:MbT^;l«> 
icffliE-rse^5:ga^0fc©r, C©fir<ii5*JiiT tctttej 

•rs. a 1 5AJJ. — jSWtt^ti-.^L y y hsi^so^is 

ffifl^JSX©X^i7 h;U;&^14e<J{C7ST. S'JSSta/cX'^ 
i^VM^. hSStiU— !f-fcr-A©X©X'X57 
h;Ui©ai^iA;i>{C^c4-C*5^. SeoT. ;^*>^ftmu 

[003 6] ^<0:^-<i^ hJl'-^-H^miEt^^^liim 
3) ^3fefi-{CJ:-,TaiJS3n/c^©jtfX]6!tSU— !f- 

Wt=W,- (w„-w,) 
[0037] (flfiiS^-SifiiS) ai 2. 12A. S: 

cK. 1 2 B tt. 5 5-14 <Dmmmi^Wfmri>mi=s: 

;^xA{ci:b$5Lr, ;^^!^jcitaiSiJi-c*sfc©©. 
x*.e>'<.»l';^'^©SJgj5?rtf^©{c+»ttai'Ss«)r«jg 

•rsfetia©:^^. s 5- 1 4 4i^sft$-ii2,©{cii^7 5 

y^^'iJSi; >'^•J^;^3&>6-'^V^X©«6ffljE%2 0 0 

o-^;u>:/-ctf5c:<b«rajsj'f-c*->fc„ ^©jj(Bi)©$?ji5 

©?I^Tlf?r*>/cF,L/c. 6e3feSJI5t?©X7-i»/>-«, 
ft-Cl/2 ( 1 2. 7 mm) ©i^tt. 6 0 

IJ. ^^tCb-C*ij2 5 d?P>-C*4. I*f2 6. 5©g| 

#W?:^f'5<^:, l;^x-:,7*{i, $t)7 5 n m©i^Kj-C* 

0. -enij-flacc. u— tfifis©jes=fc**)o. i pms: 

t»-C«. BE«X^f^.i»8 0 3!>JU^<--T-A©=|g|gag 
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a:tCcJ:Dtt*&5n^-tx;UP-8 4 0. 1 0-e$>-2>o 
[0038] C<OX ^tt, 20 h (DigS&miE^ 

*?iF*3"CiS^b. 5^;:^T-Atj. 2 0 0 o-^ju:yo:)iga^^ 

UC^^S6?i?fi8CC*5liT. 2 0 0 0•^;l/^><O>'^Vl/;:^^iMU 10 

Bi 2CtcsiBj3nri:»'5>„ c:<DT;b=iyXA^*5 
^cDt^^-rncD^jagfc. B®jffis*»?>(D-rn3^)5o. 02 p 

m*SSrJ5>^«-&. iSggmftoti^cC^ M:i5"7D^@S?&^6 
0 . 0 2 p m^mT-rn'&JS^. lE^X 3? d7 8 0 

IBH<D3 0S2>'7 0A^-fe>h (XW. J: D *fjffl pJfiB^c 
O«:to0^C4 5SC/5 5>'^•— fe>h*^-r^Cifer 30 

[0 03 9] (>'^'Jl/;:^*:i6>'^V^;^(D:7 A — hv^' V ^SfJ 
ai) lai 3A&i:;^l 3Bli. 8Ov^>7n#J:0feHtC 

200 0-^;U^>CDfe<brl|3SDJt6r*-5„.CCDii^. IE 40 
mXtSrt^ ^J^S Ott. ^R1^?J<'- h 8 OAtCcfco-ca^^ 
n/^/c. f^:bO{C. <t:0aScD^^5^-K^^'&8 6 
AtcS*UT^Sft*r-2>J»i6«t:f 'j 1 4 B^f^ogg^ ^ 
--1 4ACC*tUTIEmiSgp3&5fc/c6$4a5o 5^-14 
At^. X^-:;:5y88A. 88 B. 8 8 CCDjSSBCD 

^Sj^.Cc>!* . iSgpprS6jQ:5S;^)gp«8 9 J: 0 U ■:> 

[0 04 0] cc[^js?ess6c*jc^r. c:ne»<DaESx^ 

--'iJ^tJ, 5 ^-m^-&8 6 ACcStr-B 1 4A(3[>f4 
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©T. EEmSPD°n8 8A. 8 8B. SJ/. 8 8 C<7:):^f*(D 
cfcC^ 3'O(DIEmSPa°D^}*ocC[)efi^^-CD*^0. 1 

^-^-figCDiSggJi, liStl^a8 8A^-^[S)CCj^l63 
it. liifl^as 8BSaf8 8C5SraWf6ltC3^«l3-ltS 
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